Purpose: The purpose of this study was to examine the associations between physical education (PE) and sports involvement with physical activity (PA), physical fitness, and beliefs about PA among a national sample of adolescents.
participation, in particular, has been associated with increased levels of PA, 7, 8 improved cognitive skills and attitudes, 9 better academic behavior, 9 and better academic achievement. 9 Cognitive exercise beliefs, exercise knowledge, and muscular fitness (eg, number of push-ups), especially, are associated with the more advanced stages of behavior change among youth. 10 In recognition of the health benefits of PA, 2 important health goals for the nation 11 are to (1) "Increase the proportion of adolescents who meet current Federal physical activity guidelines for aerobic physical activity and musclestrengthening activity" (PA-3.3) and (2) "Increase the proportion of the Nation's public and private middle and junior high schools that require daily physical education for all students" (PA-4.2). In support of these goals, a number of national agencies and organizations have banded together to produce programs to promote activity in the schools (eg, Let's Move! Active Schools; Play 60).
In spite of the evidence and recommendations that schoolbased PE contributes to children and youth obtaining 60 or more minutes of moderate-to-vigorous PA on most days of week, and achieving 300 or more minutes weekly, the most recent Shape of the Nation report indicates that there has been a drop in junior high/middle schools mandating PE in American schools (Society of Health and Physical Educators [SHAPE] America 12 ). For example, in 2016, 72.5% of states were required to provide PE to their students at one or more grade levels, whereas 80.4% and 78.4% had such requirements in 2012 and 2010, respectively. But decreases in programs or program requirements at the state level do not tell the full story. According to the Shape of the Nation report, 62% of states " . . . permit school districts or schools to allow students to substitute other activities for their required PE credit"). 12(p19) Common substitutions include Junior Reserve Officer Training Corps, interscholastic sports, marching band, cheerleading, and community sports, among others. Exemptions and waivers are also granted for various reasons (eg, disability, health, and religious beliefs). Moreover, only 29.4% of the states mandate a specific number of minutes, and only 5.9% (overall) mandates 225 minutes, which is the recommended level.
To better understand the value of PE and sports participation in children, the purpose of this study was to examine the associations between PE and sports involvement with PA, physical fitness, and beliefs and attitudes about PA in youth.
Methods

Design and Participants
Data from the 2012 National Health and Nutrition Examination Survey (NHANES) National Youth Fitness Survey (NYFS) were used, 13 which employ a multistage probability design. All procedures were approved by the National Center for Health Statistics and parental consent and adolescent assent were obtained; authors' institution granted institutional review board exempt. Only adolescents (12-15 years) were included in our analyses as we were interested in the association of PE (only assessed among 12-15 years) on various PA and muscular fitness-related parameters.
Demographic Variables
A proxy (ie, adult family member 18 years or older) for each adolescent participant answered various demographic questions. These included age (continuous), gender (boy/girl), race-ethnicity (Mexican American, other Hispanic, nonHispanic white, non-Hispanic black, and other), poverty income ratio, smoking status (collapsed as never smoked or 1þ puffs of a cigarette), and physician-diagnosed asthma (yes/no). The poverty income ratio was calculated by dividing the family income by the poverty guidelines, which is specific to the family size, year assessed, and state of residence. Lastly, body mass index (BMI) was measured (kg/m 2 ), with genderspecific BMI-for-age percentiles calculated.
14 Using the Centers for Disease Control and Prevention's 2000 gender-specific BMI-for-age growth charts for the United States, participants were classified as underweight (BMI < 5th percentile), normal weight (BMI 5th to <85th percentile), overweight (BMI 85th to <95th percentile), or obese (BMI ! 95th percentile).
Physical Activity and Muscular Fitness-Related Variables
Physical activity. As implemented in the NHANES NYFS, adolescent participants (not their proxy) were asked:
"During the past 7 days, on how many days were you physically active for a total of at least 60 minutes per day? Add up all the time you spent in any kind of PA that increased your heart rate and made you breathe hard some of the time." Response options were 0 to 7.
"During the past 7 days, on how many days did you play active video games such as Wii Sports, Wii Fit, Xbox 360, Xbox Kinect, Playstation 3, or Dance, Dance Revolution?" Response options were 0 to 7.
Those indicating they played active video games for at least 1 day in the past 7 days were asked, "On average, for how long did you play these active video games?" Responses were recorded in minutes.
"On how many of the past 7 days did you exercise or participate in PA for at least 20 minutes that made you sweat and breathe hard, such as basketball, soccer, running, swimming laps, fast bicycling, fast dancing, or similar activities?" Response options were 0 to 7. This variable is referred to hereafter as the number of days engaging in cardiovascular exercise.
"On how many of the past 7 days did you do exercises to strengthen or tone your muscles, such as push-ups, sit-ups, or weight lifting?" Response options were 0 to 7. This variable is referred to hereafter as the number of days participants did exercise to strengthen muscles.
Physical education. Participants were asked: "Do you have PE or gym during school days?" Response options were "yes" or "no." Those indicating they have PE or gym during school days were asked: "How often do you have PE or gym?" Response options were (1) 1 day a week, (2) 2 days a week, (3) 3 days a week, (4) 4 days a week, and (5) every day.
"How long is PE or gym class?" Response options were (1) <30 minutes, (2) 30 to 45 minutes, and (3) more than 45 minutes.
School sports. Participants were asked, "Do you participate in school sports or PA clubs?" Response options were "yes" or "no."
Beliefs and attitudes about PA. Participants were asked:
"About how many minutes do you think you should exercise or be physically active each day for good health?" Response options were (1) <10 minutes, (2) 10 to 15 minutes, (3) 16 to 30 minutes, (4) 31 to 45 minutes, (5) 46 to 60 minutes, and (6) >60 minutes.
"I enjoy participating in PE or gym class." Response options were (1) strongly agree, (2) agree, (3) neither agree nor disagree, (4) disagree, and (5) strongly disagree. For the regression analysis, this item was reverse-coded, so higher scores indicate greater enjoyment of PE.
Muscular fitness. Participants completed several fitness-related tests including a leg extension, pull-up, grip strength, and plank examinations. 15 For the leg extension test, participants were seated in a testing chair with their legs hanging over the edge of the seat. A handheld dynamometer was placed on the shin just above the ankle. With their hips, thighs, and trunk restrained, the participant pressed their leg forward into the dynamometer as hard as possible. Each leg was tested up to 3 times. The average of the 3 recordings for each leg was calculated (in lb), and the average of the left and right leg was used. Additional detail on this assessment can be found in the NYFS manual. 16 For the pull-up test, a modified protocol was employed. Participants laid on their backs with outstretched arms under a horizontal bar above their fingers. The participant grasped the bar with an overhand grip while maintaining a straight body with their heels on the floor. The participant then raised and lowered their body as many times as possible so that their chest touched a band hanging 8 in down from the bar.
For the grip strength test, grip strength was measured using a handgrip dynamometer. While standing, the participant squeezed the handle of the dynamometer as hard as possible. Each hand was tested, and the combined grip strength (kg) was recorded, which was the sum of the largest reading from each hand. Additional detail on this assessment can be found in the NYFS manual. 17 For the plank test, participants began by lying facedown on a mat. The participant lifted their body off the mat, keeping their toes and forearms on the mat with their back straight. The time (seconds) they were able to hold this position without movement was recorded.
Analyses
All statistical analyses were conducted in Stata (version 12.0) and accounted for the complex survey design of the NHANES NYFS by using the examination sample weights, primarily sampling units and clustering variables.
The primary objective of this study was to examine the association between PE participation (frequency and duration) and participation in school sports with PA, muscular fitness, and PArelated beliefs. The 4 independent variables of interest were having PE during school, frequency of PE, duration of PE, and participating in school sports. Seven multivariable regression models were computed for each of these independent variables, with the 7 different outcome variables, including belief about the amount of exercise needed for good health, enjoyment of participating in PE, number of days physically active for !60 minutes, leg extension fitness test, pull-up fitness test, grip strength fitness test, and plank fitness test. Each model was adjusted for age (continuous), gender (male/female), race-ethnicity (nonHispanic white/other), BMI percentile (continuous), poverty income ratio (continuous), asthmatic status (yes/no), and smoking status (never smoked/!1 puff). Associations with a P value <.05, a P value <.01, and a Bonferroni-corrected P value <.002 (ie, .05/28 ¼ .002; 28 regression models) were noted.
Results
A total of 1640 children and adolescents (3-15 years) were interviewed in the 2012 NHANES NYFS. Among these, 510 were adolescents (12-15 years). After excluding adolescents with missing data on the covariates (ie, age, gender, race-ethnicity, BMI percentile, poverty income ratio, asthmatic status, and smoking status), 459 participants remained, which comprised the analytic sample. There were no differences (P > .09) for any of the variables (ie, demographic, PA, muscular fitness, or belief-related parameters) when comparing the 51 excluded participants to the 459 analyzed participants. Table 1 reports the weighted demographic characteristics of the analyzed sample. The mean age was 13.3 years, 51.5% were boys, 57.5% were non-Hispanic white, mean poverty income ratio was 2.4 (<1 indicates below poverty threshold), 91.3% never smoked, 22.8% had asthma, and approximately 40% were overweight or obese. Table 2 reports the weighted PA-related characteristics of the analyzed sample. A total of 26.8% reported engaging in at least 60 min/d of PA, 77.9% had at least 1 day of PE a week, 85% indicated they enjoyed PE, and among those who had PE, approximately 43% had it for 45 min/d. A total of 47.6% participated in school sports, and over 65% of US adolescents incorrectly identified the optimal dose of PA for good health. Table 3 reports the weighted multivariable regression associations between PE frequency and duration and participating in school sports with PA, muscular fitness, and beliefs related to PA.
Participants who had PE during school days, compared to those not having any PE, had a higher enjoyment of participating in PE (b ¼ 0.32; P ¼ .01), engaged in more days of being physically active for !60 min/d (b ¼ 1.02; P < .001), and performed the plank fitness test longer (b ¼ 17.2; P ¼ .002).
Participants who had PE every day, compared to those not having it every day, engaged in more days of being physically active for !60 min/d (b ¼ 0.90; P ¼ .004) and performed more pull-ups (b ¼ 1.76; P ¼ .02).
Participants whose PE lasted >45 min/d, compared to those lasting 45 min/d, reported that more PA was needed for good health (b ¼ 0.26; P ¼ .01), had a higher enjoyment of participating in PE (b ¼ 0.15; P ¼ .02), and performed the plank fitness test longer (b ¼ 12.4; P ¼ .04).
Participants who played school sports, compared to those not playing school sports, reported that more PA was needed for good health (b ¼ 0.23; P ¼ .04), had a higher enjoyment of participating in PE (b ¼ 0.31; P ¼ .003), engaged in more days of being physically active for !60 min/d (b ¼ 0.70; P ¼ .01), performed more pull-ups (b ¼ 2.33; P ¼.008), had a stronger grip strength (b ¼ 2.5; P ¼.01), and performed the plank fitness test longer (b ¼ 11.6; P ¼ .04).
Two of the above associations reached Bonferroni-corrected statistical significance. As noted above, participants who had PE during school days, compared to those not having any PE, engaged in more days of being physically active for !60 min/d (b ¼ 1.02; P < .001) and performed the plank fitness test longer (b ¼ 17.2; P ¼ .002).
Given that sports participation was associated with most of the evaluated outcomes, additional analyses were computed to examine whether PE frequency influenced these associations ( Table 4 ). Model 1 of Table 4 reports the associations between sports participation and the evaluated outcomes (also shown in Table 3 ). Model 2 included PE frequency (not every day/every day) along with the other covariates in the model to see whether PE frequency attenuated the association between sports participation and the outcome variables. The addition of PE frequency in the model attenuated the association between sports participation and the number of days being physically active (!60 min/day) and plank hold time. These findings suggest that PE frequency may mediate the association between sports participation and select PA characteristics. To examine whether PE frequency moderates the association between sports participation and the evaluated outcomes, model 3 reports the association between sports participation and the outcome variables among those not engaging in daily PE. These results showed that sports participation was not associated with the following outcomes among those not engaging in daily PE: personal beliefs, enjoyment of PE, and number of days physically active. Model 4 reports the association between sports participation and the evaluated outcomes among those engaging in daily PE. These findings were similar to results reported for model 2.
Discussion
Summary
Using a national sample of US adolescents, the association between PE frequency and duration and participating in school sports with PA, muscular fitness, and beliefs related to PA was examined in this study. Overall, these findings from the analysis of the 2012 NHANES NYFS indicate that adolescents who had PE during school, who had more frequent and long-lasting PE, and who played school sports generally had more accurate perceptions of the amount of PA needed for good health, had greater enjoyment of PE, were more physically active, and performed better on several muscular fitness-related tests.
Limitations
Major strengths of this study include the study novelty and national sample. Limitation include, for example, the crosssectional design and the subjective assessments of PA.
Significance
In this sample, US adolescents who had PE during school, had more frequent and longer-duration PE, and who played school sports generally had more accurate perceptions of the amount of PA needed for good health, had greater enjoyment of PE, were more physically active, and performed better on several muscular fitness-related tests. These findings, coupled with the low prevalence estimate (2.1%) of yearlong, daily PE among US adolescents, underscore the importance of integrating daily PE during the school day for US adolescents. In addition to the need for daily PE, other considerations are important, including enhancing the quality of PE to ensure adequate time is spent by students in moderate-to-vigorous intensity PA and developing Seven multivariable regression models were computed for each of these 4 independent variables, with the 7 different outcome variables including: minute/day youth think exercise is needed for good health (coded as 1-6; see Table 2 for response options); enjoy participating in PE or recess (coded as 1-5; see Table 2 for response options; reverse-coded for regression); number of days physically active
(coded as 0-7); leg extension (continuous; lb; average of both legs); pull-ups completed (continuous); grip strength (continuous; kg; combined score ¼ highest of right and left grip scores); and number of seconds plank position was held (continuous). All models were adjusted for age (continuous), gender (male/female), race-ethnicity (non-Hispanic white/other), body mass index percentile, poverty income ratio (continuous), asthmatic (yes/no), and smoking status (never smoked/!1 puff). c P value < .01. d P value < .002 (Bonferroni corrected).
or enhancing the school wellness committee/health council to ensure the development, monitoring, and sustainability of an enhanced PE curriculum. 18 Competing demands (eg, focusing on standardized testing) and not having adequate resources (eg, money, teachers and/or sufficient developmentally appropriate equipment and facilities) are common barriers that will need to be addressed before successful implementation of daily PE in all schools will be possible. Other barriers, often classified as institutional, teacher related, and student related, have been identified and described elsewhere. 19 Resources aimed at overcoming these barriers include 3 widely disseminated, evidenced-based school PE curriculums that focus on promoting high levels of moderate-to-vigorous PA (ie, Sports Play and Active Recreation for Kids curriculum, 20 the Child and Adolescent Trial for Cardiovascular Health program, 21 and the Lifestyle Education for Activity Program). 22 Evidence-based conceptual PE programs have also been shown to increase activity levels of students later in life. 23, 24 It further remains important to develop children and youth's total physical literacy, including skill acquisition 25 and positive behavioral dispositions toward lifelong PA participation. 26 Toward this end, the 2015 Every Student Succeeds Act may further assist with resource development, allocation, and distribution. 27 In addition to the many benefits associated with daily PE, our findings also underscore the importance of engaging in age-and developmentally appropriate sports, when feasible. In fact, associations were observed for sports participation with 6 of the 7 outcomes assessed. These beneficial associations for sports participation align with results showing that sports participation is associated with more frequent consumption of fruits and vegetables; less engagement in cigarette smoking, cocaine, and other illicit drug use; trying to lose weight; and not having sexual intercourse. 28 Another notable finding was that sports participation was associated with more accurate perceptions of the amount of PA needed for good health. This is an important finding as "knowledge" is a widely established prerequisite for PA participation. 29, 30 Indeed, adolescents who engaged in school sports, compared to those not engaging in school sports, reported participating in more days of at least 60 minutes a day of PA, suggesting that sports participation can be another means of helping youth obtain the recommended 60 minutes of PA per day on 5 or more days per week. In the present set of observations, only slightly more (ie, 26.8%) than 1 in 4 students was achieving !60 minutes per day of moderate-to-vigorous PA.
Both PE and sports participation were associated with several muscular fitness tests, further underscoring the need to promote PE and sports participation as muscular fitness plays an important role in the prevention of developing cardiovascular disease risk factors, 31 and ultimately, chronic disease. 32 The promotion of muscular fitness among adolescents is also recognized by the current federal PA guidelines, which indicate that adolescents should, as part of their 60þ minutes a day of PA, engage in muscle-strengthening PA !3 days a week.
The results of this study are particularly noteworthy given the age of the sample. The junior high/middle and early high Seven multivariable regressions were computed for each of the above models. All models were adjusted for age (continuous), gender (male/female), race-ethnicity (non-Hispanic white/other), body mass index percentile, poverty income ratio (continuous), asthmatic (yes/no), and smoking status (never smoked/!1 puff). For model 1, the independent variable of interest was playing versus not playing sports. school years constitute a vulnerable and pivotal time period when youth are generally required to take PE (at least part of the school year), and after the freshman year, most students are not required to take PE. 12 Furthermore, middle school and early high school youth, especially girls, are undergoing hormonal changes, growth spurts, increasing peer pressure, increases in social comparisons, and often a loss of desire to be physically active or the urge to move that was experienced in childhood. 33 It is a time when experiences in PE and sports-be they positive or negative-make or break whether adolescents choose to continue a physically active lifestyle. 34 Moreover, sports participation becomes more exclusive as youth move from junior high/middle school to high school where the less skilled and/or less experienced often get even fewer opportunities.
The fact that 37.8% of the students in this sample were overweight or obese is consistent with previous reports and indicates a strong need for expanded versus restricted opportunities for regular PA among teens. 35 Of those sampled, 22.1% of the students reported no PE at all. This suggests a lost opportunity. Only 34.6% of the participants could accurately identify that 60 minutes or more of PA on 5 or more days per week is the national recommendation for youth. This is a fairly basic message that quality physical educators teach and reinforce through their lessons. 27 On the positive side, the vast majority of students (84.7%) reported enjoying PE and/or recess. Furthermore, this study found that the more days of PE a student has (ie, frequency), the more likely they are to achieve !60 minutes of moderate-to-vigorous PA. This was not the case for extracurricular sports participation, which reinforces the potentiality of PE. That said, and as valuable as quality PE is when it is occurring, it still appears to require perpetual reinforcement, opportunities, and support across the lifespan (eg, family, community, health care, worksite). 36 
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SO WHAT?
What is already known on this topic?
Physical activity plays an important role in the health of adolescents.
What does this article add?
This study comprehensively evaluates the association of PE and sports participation with adolescent physical activity, fitness, and beliefs toward physical activity.
What are the implications for health promotion practice or research?
Continued efforts are needed to promote physical activity in the school setting and encourage safe, enjoyable participation in sports.
